S eptic shock with petechial or purpuric rash is a life-threatening clinical syndrome predominantly caused by Neisseria meningitidis. It is characterized by sudden onset and rapid progression in previously healthy children (1) .
Regrettably, better understanding of the pathogenesis of meningococcal septic shock and advances in therapeutic interventions have not reduced its high morbidity (1a) . Younger children (Ͻ3 yrs) are known to have more severe disease and higher risk of case fatality.
Few studies have reported short-term and long-term prevalences of adverse consequences (such as physical and neuropsychological impairments) and health-related quality of life (HR-QoL) (2) (3) (4) (5) (6) . These studies are limited, however, in that they do not differentiate as to severity of disease; the study populations included patients with sepsis, septic shock, or meningitis.
In addition, major risk factors for developing adverse consequences have not been well identified. Early detection and treatment of children bearing these risks therefore is difficult. We hypothesized that children with more severe meningococcal septic shock, as reflected by higher severity of illness scores and longer pediatric intensive care unit (PICU) stay, are at higher risk for adverse health consequences, both physical and neuropsychological, and for poorer HR-QoL. Furthermore, we hypothesized that the underlying disease mechanism (shock or disseminated intravascular coagulation), and not the administration of vasopressors, was the cause of skin scarring.
Also, little is known about the effect on family life and HR-QoL of parents whose children survived meningococcal septic shock. We hypothesized that more severe disease would have more impact on parents and their HR-QoL.
More insight in these matters could enable anticipatory guidance and support for both the children and their parents after PICU discharge.
The aim of this study was to investigate health consequences and HR-QoL in children with meningococcal septic shock up to 2 yrs after PICU discharge. In addition, we assessed the effect of the child's disease episode on HR-QoL in their parents. Finally, we assessed various putative determinants of adverse health and HR-QoL outcomes in children and their parents.
MATERIALS AND METHODS

Patient Selection
This study concerned a first follow-up study of a longitudinal cohort of all consecutive children with septic shock and purpura requiring intensive care treatment between October 2001 and March 2005. It also assesses their parents. Children were recruited from the PICU of the Erasmus MC-Sophia Children's Hospital, a tertiary care university hospital. Eligible for this study were children aged 1 month to 18 yrs with a clinical picture of meningococcal septic shock, defined as septic shock with petechiae/purpura, requiring intensive care treatment, and their parents (7) . The Erasmus MC ethical review board approved the study protocol. Informed consent was sought from the parents during the child's PICU admission. Families who were not Dutch speaking were excluded. Participating families were invited for an interview within 2 yrs after the child's discharge from the PICU. They were sent HR-QoL questionnaires and invited to complete these at home. Choice of respondent (mother or father) was left to the parents themselves.
Data Analysis at the Time of PICU Admission
During the study period, children consecutively admitted with septic shock and petechiae/purpura were included in a descriptive sepsis study (8). Severity of illness was determined by the Pediatric Risk of Mortality Score (PRISM), vasopressor score (VAS), and disseminated intravascular coagulation score (DIC) (9 -11).
Assessment Methods
Health Consequences in Children and Parents. Children and parents were interviewed by one author (CMPB) in a semistructured format using a standard questionnaire on health consequences and medical care in the year after PICU discharge. Symptoms presenting in the weeks after PICU discharge and still present at the time of the interview were defined as chronic. Data on comorbidities before PICU admission were extracted from the medical records and from the interview results. Comorbidities were defined as health problems not related to the reason for PICU admission. A general physical examination of the children was performed by one author (CMPB), with special attention to the skin (scarring) and the limbs (amputation and orthopedic sequelae).
HR-QoL in Children and Parents. HR-QoL was assessed by the Child Health Questionnaire (children) and the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) (parents) (12) (13) (14) . The Infant and Toddler Quality of Life Questionnaire (ITQOL) was used for preschool children (0 -3 yrs) (Appendix 1) (15, 16) . Normative data were derived from a general Dutch population sample of 410 children aged 3 months to 3 yrs (16) . The Child Health Questionnaire-Parent Form 50 (CHQ-PF50) was used for children aged 4 -17 yrs (Appendix 2). Normative data are available based on a representative sample of 353 Dutch schoolchildren aged 5-13 yrs (13) . As shown in Appendixes 1 and 2, eight of the 12 scales in ITQOL and CHQ-PF50 cover similar content (PF, BP, GB, GH, PE, PT, FC, FA, and CH). Subsequently, the results of these scales were added to investigate the predictors of HR-QoL outcome. The SF-36 was used for parents (Appendix 3) (12) . Normative data were derived from a nationwide, population-based Dutch health status survey (17) . A subselection (i.e., 175 women aged 26 -35 yrs) served as a reference group in our study because it was almost exclusively mothers (96%) who completed the questionnaires, with a median age of 35 yrs (22-49 yrs).
HR-QoL scales range from 0 to 100. Lower scores indicate poorer subjective health status, higher scores more favorable subjective health status.
Statistical Methods
Statistical analysis was performed with SPSS 12.0 for Windows (SPSS, Chicago, IL).
Patient Sample. The Mann-Whitney test was used to compare age at the time of PICU admission, length of PICU stay, and severity of illness scores between participating children and nonparticipants, whereas the chi-square test was used to establish sex differences between these two groups.
HR-QoL in Children and Parents. The Mann-Whitney test was used to compare children's HR-QoL scores with individual normative data, as provided by Raat et al (13, 16) . The paired Wilcoxon's test was used to compare HR-QoL scores of parents with published normative data, as individual normative data were not available (17) .
Predictors of Health Consequences and HR-QoL in Children and Parents. The MannWhitney test was used to compare age at the time of PICU admission, length of PICU stay, and severity of illness scores between children with and without health consequences and between parents with and without current emotional problems.
We also applied multiple logistic-regression analysis of the three severity of illness scores regarding the presence of skin scarring.
We tested the association between putative predictor variables (the child's characteristics at the time of the PICU admission, health consequences, and follow-up interval) and HR-QoL by using Spearman's correlation for continuous variables (univariate analysis) and Mann-Whitney test for dichotomous variables. This was done for both children and parents. Plus vs. minus sign indicates, respectively, the positive vs. negative association between the predictor variable and the HR-QoL scale. In the above-mentioned statistical analyses, a p value of .05 (two-sided) was considered the limit of significance.
Multiple linear regression analyses were also applied to predict children's HR-QoL scores. This was done for all scales, irrespective of significant differences between the study population and the reference group. In the first regression analysis, we included child characteristics (age at the time of the PICU admission, sex), disease variables (severity of illness scores, length of stay in PICU), and follow-up interval. In the second regression analysis, we included the child health consequences. For entry in the regression analysis, p values of predictors were set to a level of 0.1 in the univariate analysis. Using backward elimination, independent predictors were identified with a p value of Ͻ.05. Predictors with negative values (regression coefficients) were considered as negatively associated with HR-QoL scales, those with positive values as positively associated.
RESULTS
Patient Sample
The target population consisted of 56 children and their parents. We excluded three: one child died during PICU admission because of refractory shock, one family lived abroad at the time of followup, one family was not Dutch speaking. Of the remaining 53 eligible families, 47 agreed to participate. Parents of two children did not complete the CHQ-PF50 and SF-36 for unknown reason. This resulted in 19 ITQOL, 26 CHQ-PF50, and 45 SF-36 completed questionnaires. The median follow-up interval was 14 months (10 -28 months); median age at the time of follow-up was 4.8 yrs (1-17 yrs).
Six families refused participation (reason for refusal unknown). The overall response rate, corrected for deceased children and children lost to follow-up, was 89% (47/53). To check for possible selec-tion bias, we compared characteristics between participating children and nonparticipants. As shown in Table 1 , children did differ with respect to PRISM score, which was highest among the participants. In 40 of the full target population of 56 children (73%), N. meningitidis had been cultured: serogroup B in 26 (65%), serogroup C in 13 (33%), and not determined in one (2%).
Nine children (19%) had one or more mild to severe comorbidities before PICU admission: cheilopalatoschisis, asthma and/or allergy, autism, prematurity, Opitz syndrome with significant developmental delay and epilepsy, and mild perinatal asphyxia.
Health Consequences in Children
Follow-up clinical examination revealed abnormal limbs in two children (4%): amputation of three fingers (distal interphalangeal joint) in one child; amputation of one finger (distal interphalangeal joint) and lower limb shortening with associated genu varum deformity in one toddler, who had fulminant meningococcal septic shock (PRISM score of 35) at 6 wks of age. Mild to severe skin scarring as a result of necrosis of the purpuric lesions was found in 26 children (55%). In one child, a wound at the heel of the foot had still not healed.
For 21 children (45%), one or more chronic complaints were reported: pain (lower limbs, n ϭ 7; headache, n ϭ 3), behavioral/emotional problems (n ϭ 6), fatigue (n ϭ 2), motor skills problems (n ϭ 1), pes equinus (n ϭ 1), Raynaud phenomenon at amputated finger (n ϭ 1), sleep disturbances (n ϭ 1), and stuttering (n ϭ 1). The skin scarring did not cause pain (except in the patient with the open wound) or physical limitations. There were 11 children (23%) who still needed follow-up care: eight (17%) for somatic impairments, three (6%) for aggressive behavior. These chronic complaints and the need for follow-up care were not present before PICU admission. Despite this, all children had resumed normal school or nursery activity. No school dysfunctioning was reported by their parents and the level of education remained unchanged.
HR-QoL in Children. Table 2 shows the mean scores on the ITQOL and CHQ-PF50 of our study population and the Dutch reference groups.
Predictors of Health Consequences and HR-QoL in Children. Children with skin scarring had significantly higher severity of illness scores than those without skin scarring (PRISM, p ϭ .02; VAS, p ϭ .002; DIC, p ϭ .001). Simultaneous evaluation of these three severity of illness scores using logistic regression showed that DIC was the major variable predicting skin scarring.
Children with and without chronic complaints did not differ significantly with regard to sex, severity of illness, or age at PICU admission. Those who needed follow-up care stayed significantly longer in the PICU than those who did not (p ϭ .01).
Univariate analysis of all HR-QoL scales in relation to predictor variables showed that four scales had at least one significant relationship (Table 3) . Using multiple linear regression analyses of a child's characteristics on HR-QoL, longer PICU stay was significantly associated with a lower score on the HR-QoL scale "physical functioning," with a moderate R 2 (.40). This means that 40% of the variance in the physical functioning scale could be explained by length of PICU stay.
The HR-QoL scale "bodily pain" was pre-
Neither in univariate nor in multivariate analysis did follow-up interval show significant associations with HR-QoL scales.
Health Consequences in Parents
Eight of the 47 mothers (17%) reported current emotional problems (anxiety, depression) requiring professional help, and two of them (4%) were on longterm sick leave. These phenomena had occurred since their child's acute illness. Marital status had not changed.
HR-QoL in Parents. Table 4 shows the mean scores on the SF-36 in parents and the Dutch reference group.
Predictors of Health Consequences and HR-QoL in Parents.
Mothers who required professional help because of emotional problems had significantly younger children at the time of PICU admission than those who did not need professional help (p ϭ .04).
Child severity of illness was not significantly associated with HR-QoL in parents. The need for professional help in mothers was associated with lower scores on the HR-QoL scales "role functioning physical," "social functioning," and "mental health" (p ϭ .03, p ϭ .04, p ϭ .02, respectively). Multiple linear regression analysis on HR-QoL in parents was not performed because there was, at most, one predictor with a p value of Ͻ.1 in each HR-QoL scale of the univariate analysis.
DISCUSSION
In this follow-up study, a relatively high proportion of survivors of meningococcal septic shock had scars and chronic complaints since their illness and needed follow-up care up to 2 yrs after PICU discharge. In children, significantly lower scores were found on HR-QoL scales.
Quite a few mothers reported emotional problems requiring professional help.
Health Consequences in Children. Children with meningococcal septic shock often have extensive necrotic purpura or even ischemic digits, which can lead to permanent skin scarring and amputation. In this study, more than half of children (55%) had skin scarring, and two children (4%) required limited digital amputation. Furthermore, a significant number of children had chronic complaints (45%) and needed follow-up care (physical or psychosocial) (23%). The most frequent chronic symptom was pain, either in the limbs or headache. Pain in the limbs could have been caused by myositis, rhabdomyolysis, arthritis, or osteomyelitis at the time of the acute illness. Treatment with physiotherapy and nonsteroidal inflammatory drugs could be beneficial after discharge.
The prevalence of behavioral/emotional problems in children (13%) is in accordance with that reported by Shears et al (3) . These problems may be attributable to biological effects of meningococcal septic shock on the brain (inflammation, shock) or to the impact of the illness and PICU admission on child and family, or a combination of both. It is not known how long these problems will persist. Standard psychological support after discharge from the PICU is thought to reduce the extent of these behavioral/ emotional problems.
Remarkably, despite the important morbidity up to 2 yrs later, all children had resumed normal school activity. This could be due to the children's coping mechanisms.
HR-QoL in Children. Children of both age groups had significantly lower scores, mainly on the physical HR-QoL scales, and children 4 -17 yrs also had significantly lower scores on the physical summary score. This could indicate that the child's disease episode and present health status had a negative effect on their present physical HR-QoL.
Notably low is the score on the "general health perception" scale, with as many as 37% and 35% below the fifth percentile of the reference group. This score not only reflects the experience of a serious illness in the past, it also indicates that parents perceived their child's present health as poor and that they worry about their child's future health risks. For example, from the interviews, it seemed that many parents assumed their child is at great risk for reoccurrence of meningococcal septic shock. This brings us to the question of the validity of proxy report by parents. We should be aware that proxy report might differ significantly from the child report and that several factors might affect HRQoL assessment by parents. These include parental education, parental health status, and parental perception of health problems in their child. Nevertheless, it is important to reassure parents that their child is not predisposed for recurrent meningococcal septic shock. Furthermore, to inform parents regarding their child's future health, more studies are needed to investigate long-term morbidity.
Predictors of Health Consequences and HR-QoL in Children.
We could demonstrate that disseminated intravascular coagulation, expressed by DIC, was the a The Mann-Whitney test was used to compare health-related quality of life scores of children with individual normative data, as provided by Raat et al. (13, 16) ; b percentage of children with a score below the fifth percentile of the reference group (this percentage was calculated if the p value was Ͻ.05 in the anticipated direction); c scores on the CHQ-PF50 scale "change in health" are not presented because individual normative data were not available for this scale. major variable predicting skin scarring, and not the administration of vasopressors. Surprisingly, children with and without chronic complaints did not differ significantly with regard to severity of illness. This could be due to the heterogeneity of this variable. The reason to form the composite variable "chronic complaints" was the low number of patients for each separate complaint.
Health Consequences in Parents. In our study, only mothers (17%) reported emotional problems requiring professional help. Uncertainties about a possible death, complications, and long-term sequelae if their children survive can result in increasing stress and anxiety levels. Standard psychological support during PICU admission of their child and continuing afterward might be beneficial to parents. Furthermore, we need to identify parents at risk to make early referrals.
HR-QoL in Parents. In parents, we did not find significantly lower HR-QoL scores, indicating that the child's disease episode and present health status did not have a significantly negative impact on their HR-QoL. These findings are in line with HR-QoL in children, for which no significantly lower scores were found on HR-QoL scales concerning the negative impact of the child's health on parents and family (except "parental impact emotional" in children 0 -3 yrs). The higher scores found on two physical SF-36 scales could possibly be explained by parents comparing their physical HR-QoL with that of their child, thus overscoring their own HR-QoL.
Predictors of Health Consequences and HR-QoL in Parents.
Only age of the child at the time of PICU admission significantly predicted the presence of emotional problems in parents. Also, in HRQoL in children, age of the child at the time of PICU admission was significantly associated with the parental impact emotional scale.
Strengths and Limitations of the Present Study. We think the high response rate (89%) is due to the relatively short follow-up interval, but perhaps the more so, it may be the result of personal invitations from the PICU research nurse or the pediatric intensivist.
Several limitations of our study should be acknowledged. This is an uncontrolled, observational study in a small number of patients. We were not able to take into account previous health status (severity of comorbidities) and HR-QoL before PICU admission and did not inform whether parents had encountered the health system before PICU admission of their child. As participants differed from nonparticipants with respect to PRISM scores, our findings may be overestimated.
We only included children with septic shock and purpura requiring PICU treatment. Admitting the milder cases to a general ward may have resulted in selection bias. HR-QoL scores of our children and their parents were compared with normative data derived from general Dutch population samples. A comparison with children matched on age and timing of follow-up interval and hospitalized because of another disease could be interesting. Normative data used for comparison of CHQ-PF50 scores did not exactly match the age distribution of children in our study.
CONCLUSIONS
Awareness of the findings from our study and standard follow-up by a multidisciplinary team (pediatrician, psychologist, physiotherapist) of children who survived meningococcal septic shock, and their parents, within weeks after PICU discharge may diminish the extent of physical and psychological health consequences. Further studies are necessary to investigate long-term morbidity (several years) in these patients and their parents. Consensus The child's health and/or growth and development never limits and interrupts family activities or is a source of family tension Family cohesion (FC) 1 Family's ability to get along is rated poor Family's ability to get along is rated excellent Change in health (CH) 1 Child's health is much worse now than 1 yr ago Child's health is much better now than 1 yr ago a Reproduced with permission from the principal author, JM Landgraf (20) .
